This paper describes some of the system features of a large array of instrumentation to be used for data collection in an experiment utilizing multi-wire proportional chambers (MWPC) of both the amplifierper-wire and the delay-line types. The system is designed to uniquely meet special functional requirements for background reduction and dead-time reduction in high counting-rate experiments at FERMILAB.
INTRODUCTION
The instrumentation system to be described is being built for a moderately large-acceptance magnetic spectrometer experiment. The experiment is designed to detect the production of large-angle energetic i+V~, e+e, and yy pairs from pion nucleon deep scattering collisions and also to study electronproton deep inelastic scattering phenomena at FERMILAB (E-1 92/454).
Multiwire proportional chambers of both the amplifier-per-wire and delay-line types are used in the system. Features are included to provide for automatic testing and calibration, reduction of deadtime, and improved quality of the data transmitted to the computer. Each spectrometer arm is composed of segments of 30" in diameter Sodium Iodide crystals followed by Pb and Fe absorbers. Delay-line MWPC's are placed between the front NaI segments and the absorbers in order to measure particle coordinates, intercepted electromagnetic shower multiplicity, and pulse profile width above desired threshold levels. Up to four e, u, y type particles entering a spectrometer arm can be recorded with know particle-pair space resolution of less than 3 cm. Chambers 1, 2, 3, in cording the large pulse height of intercepted ahowers from electrons and gamma-rays. Chambers 4, 5 are used predominantly for hadron identification and rejection and chambers 6, 7 provide muon identification. Pulse height from each NaI segment is recorded and the sum signal is used to provide an energy acceptance in event triggers. Chamber 7 is especially designed to fit inside the magnet providing optimum active detector height between the pole faces. The experiment requires the instrumentation of 12,000 wires of which 4000 channels are being prepared presently.
A typical amplifier-per-wire readout plane is shown in Figure 3 Figure 3( Computer-controlled testing capability is provided for this part of the system in the way illustrated2 in Figure 4 . Chamber wires are divided into eight test groups. This arrangement provides a means for testing the response of each channel in regard to both signal amplitude and position by cycling through the test groups. Since the test pulse enters the system between the chamber wire and the preamplifier, it provides a check of essentially the entire signal path including the addressing and readout electronics. Although not intended for a high resolution test of the electronics, the amplitude of the test pulse can be programmed and thus provides a "sensitivity map" of the array of wire channels.
DELAY LINE MWPC SUBSYSTEM Figure 1 also illustrates how the proportional chambers with delay-line type readout are utilized in the two soectrometer arms of the experiment. They are interleaved with the NaI crystal segments. These chambers and the associated electronics provide a particularly good means for obtaining information from intercepted electromagnetic showers. The delay-line chamber apertures are 30.4 x 30.4 inches with a wire spacing of 0.1 in. The delay-line input taps are time-spaced 5 nanoseconds apart and thus with a digitizer having 0.5 nanosecond resolution they provide an inherent spatial resolution of 0.01 in. Figure 6 shows a photograph of one of the delay lines before assembly into the chamber. The input taps are on the top edge and the taps on the bottom edge are used for the inputs to a "Hazard Signals Inspector" and for injecting test and calibration signals.
Details of the design and function of the Hazard Signals Inspector will be covered in another paper (Delay Line MWPC Hazard Signals Inspector) at this conference.4 It is a vital part of the system in that it very effectively reduces the number of background and non-trigger particle signals which would otherwise overload the charge and time digitizers causing undesired "dead time". For economic reasons these digitizers must be limited in the number of inputs they can handle within a given time span. Essentially, the Hazard Signals Inspector divides a MWPC delay-line into eight independent signal monitor and control segments, analyzes the signals from these segments, controls the digitizers, and also passes the resultant information to the computer. This segmented control effectively reduces the delay-line occupation time by a factor of eight and greatly reduces the number of background and non-trigger particle signals processed by a Charge, Time, Pulsewidth Discriminator which is also described in another paper at this conference.5 This module is designated as 4XQT in Figure 5 .
Just as with the amplifier-per-wire subsystem a provision for testing and calibration is made for this part of the system also. In this case, however, the test pulses in addition to being computercontrolled for amplitude and point of application also can be programmed for variable delay thus providing a check not only of the delay-line ampli- The system features we have described, particularly those which facilitate testing and calibration and reduction of dead time, provide the experimenters with a high degree of confidence in the validity and accuracy of the data collected.
5. K. Lee (4) at this conference. 
